summary OBJECTIVES: The aim of this study was to compare the orthodontic treatment planning for impacted maxillary canines based on conventional orthodontic treatment records versus three-dimensional (3D) information taken from single cone beam computed tomography (CBCT) scans. MATERIALS AnD METHODS: This study consisted of 40 individuals with impacted maxillary canines. Patients were identified from among those referred for orthodontic treatment (26 females, 14 males) with a mean age of 12.5 years (± SD 3). In total, 64 impacted canines were identified, justifying the need for CBCT scans by the treating orthodontist. Two sets of information were obtained. The first set consisted of conventional planning records [two-dimensional (2D) panoramic, 2D lateral cephalograms, and dental casts] and the second set of 3D volumetric images obtained from a single CBCT scan (3D panoramic, 3D lateral cephalograms, 3D virtual study model). For both sets, intra-and extraoral images were included. The radiographic diagnostic features, treatment planning, orthodontists' opinions, and case classifications of both sets were produced and subsequently analysed by four orthodontists. RESULTS: There was no statistically significant difference in treatment planning between the use of both sets, in terms of either orthopaedic growth modification or orthodontic compensation. Also, anticipated complications during treatment and expected treatment duration did not differ significantly. Orthodontists found the conventional set to be insufficient for treatment planning in 22.5 per cent and requested additional radiographs needed in 63 per cent of cases, compared with 1.3 and 0.5 per cent, respectively (P < 0.001). The observers' confidence level was higher for therapy based on the 3D set compared with the conventional set (96.3 per cent versus 61.9 per cent, P < 0.001). COnCLUSIOnS: There was no statistically significant difference in treatment planning between the use of conventional and CBCT sets. CBCT images have been shown to offer useful orthodontic treatment planning information similar to that of conventional planning with a high confidence level.
Introduction
The maxillary canine is essential for functional and stable occlusion and plays an important role in aesthetics. From 1 to 5 per cent of patients needing orthodontic treatment present with impacted maxillary canine (Celikoglu et al., 2010) . The most common complication associated with maxillary canine impaction is root resorption of the adjacent lateral as well as the central incisors (Alqerban et al., 2009a) .
Radiographic examinations play a crucial role in the initial diagnosis of and treatment planning for impacted maxillary canines. Conventional two-dimensional (2D) radiographs (panoramic, periapical, occlusal, and lateral cephalograms) have been used for several years in orthodontic practice. The diagnostic validity for localizing an impacted maxillary canine is hampered by the inherent deformation and 2D nature of the image, such that supplemental radiographs are needed in 42 per cent of cases (Taylor and Jones, 1995) . In addition, 2D radiographs have been found, by several investigators, to be inaccurate for canine localization, visualization of root resorption, root abnormalities, ankylotic processes, and changes in the root surface (Rohlin and Rundquist, 1984; Ericson and Kurol, 2000; Sameshima and Asgarifar, 2001; Ericson et al., 2002) . Moreover, the conventional images generated with 2D film often suffer from magnification, distortion, and superimposition. It has been suggested that 2D radiographs should be complemented with three-dimensional (3D) information. The use of 3D imaging such as computed tomography (CT) overcomes the limitations of conventional radiography by exact localization of impacted canines and an increased detection rate of root resorption (Ericson and Kurol, 2000) . However, the use of CT in dentistry is limited because of the relatively high radiation dose and often unjustified.
ORTHODONTIC TREATMENT PLANNING FOR IMPACTED MAXILLARY CANINES
Cone beam computed tomography (CBCT) imaging of maxillofacial structures has gained acceptance in all dental specialties (Scarfe et al., 2006) . Compared with medical CT, CBCT is easy to use, with short acquisition scan times and high resolution, can be performed while patients are in the upright position, and is low-cost (Scarfe et al., 2006; Quereshy et al., 2008) . Despite the advantages of CBCT, the clinical applications in the field of orthodontics have been limited to impacted canine localization and complications, specifically for determining the prevalence and exact location of root resorption in adjacent incisors (Walker et al., 2005; Liu et al., 2008) . Furthermore, higher incidence of lateral incisors root resorption has been found with CBCT compared with 2D radiography (Alqerban et al., 2011; Botticelli et al., 2011) . CBCT is a promising radiographic tool that has been proven to provide the clinician with more information than can be obtained from conventional 2D radiographs, and it allows for reconstruction of the area of interest in 3D views (Scarfe et al., 2006) .
Given the reliability and clear benefit of using CBCT in the diagnosis of impacted canines with 3D overviews of the dentomaxillofacial structures, it is essential to identify the effect on treatment planning, treatment approach, and outcome expectations. A 3D imaging technique providing exact canine location and the potential presence of root resorption in adjacent teeth may have an influence on treatment planning strategies. However, there are conflicts between the results of studies and evaluations where CBCT was used for obtaining supplementary radiographic information. Previous studies have shown that information from 3D images is better than that from combined conventional 2D radiographs and may alter treatment planning (Bjerklin and Ericson, 2006; Bjerklin and Bondemark, 2008; Haney et al., 2010; Botticelli et al., 2011) . On the other hand, other investigators have compared diagnosis and treatment options based on information from CBCT images with the information obtained from 2D panoramic images or in combination with dental casts and found that the treatment proposal for impacted canines did not differ whether based on 2D or 3D information (Wriedt et al., 2012; Alqerban et al., 2013) . Further studies should be conducted to quantify the impact of CBCT in orthodontic treatment planning if conventional methods fail to provide the clinicians with needed information. Therefore, there is a huge demand to evaluate the added value of CBCT scanning in treatment planning and patient management. The question to be answered is whether there are any differences between treatment planning based on conventional treatment records and that based on records obtained from one single CBCT scan. It might be hypothesized that the new treatment planning methodology that can be obtained from CBCT, with minimal radiation dose levels and costs, might be better than the conventional one, by providing more effective information in diagnosis and orthodontic treatment planning. Therefore, the aim of this study was to compare the orthodontic treatment plan in case of maxillary canine impaction using conventional treatment records consisting of 2D radiographs (panoramic, lateral cephalograms) and dental casts with the information generated from one single CBCT scan (3D panoramic, 3D lateral cephalograms, and 3D virtual study models) and to investigate changes in orthodontic treatment planning and the concomitant choice of teeth for extraction based on 3D information.
Materials and methods
Patients with impacted maxillary canines were identified from among those seeking orthodontic treatment at the Department of Oral Health Sciences, KU Leuven & Dentistry, University Hospitals Leuven, Belgium and were selected for this study according to the following selection criteria: 1. All patients were non-syndromic, with complete conventional dental records (2D panoramic radiograph, 2D lateral cephalograms, intra-and extraoral photographs, dental casts); 2. each patient presented at least one impacted maxillary canine; 3. no orthodontic treatment had been performed; and 4. the patient had CBCT scans within a maximum interval of 2 weeks. The study protocol was approved by the medical ethics committee board of UZ-KU Leuven university, Belgium (Approval number: B32220083749, S50910).
For all patients, CBCT scans were indicated and taken to define the treatment plan because of the canine location, the presence of possible root resorption on the adjacent teeth, and treatment needs.
The treatment records of 40 consecutive patients were used. In total, 64 impacted maxillary canines were identified, with diagnosis determined as a failure of the canine to erupt at its appropriate site in the dental arch, based on clinical and radiographic assessment. The patient population was comprised of 26 females and 14 males, with a mean age of 12.5 years and a median age of 12.0 years (± SD 3.05).
For the purpose of this study, two sessions were performed. The first session consisted of traditional treatment records usually used in orthodontic practice, such as 2D panoramic radiographs, 2D lateral cephalometry, and dental casts. The second set was composed of 3D volumetric dentition images generated from single CBCT scans, including 3D views (sagittal, axial, and coronal), 3D panoramic images, 3D cephalometry, and 3D virtual study models. For both sets, intra-and extraoral images were included.
The digital panoramic and lateral cephalometric radiographs were taken with Veraviewepocs 2D® (J. Morita, Kyoto, Japan) equipped with a charge-coupled device sensor (J. Morita) with exposure parameters 7.4 second, 64 kV, and 8.9 mA. All 2D images were extracted from their originating software (capturing software) as JPEG format files and imported into the VistaDent® OC orthodontic tracing software (DENTSPLY GAC, Birmingham, Alabama, USA). Cephalometric analyses of Steiner, Wits, and Tweed were performed (McNamara, 1984) . The CBCT scans were carried out in a 3D Accuitomo 170 (J. Morita, Kyoto, Japan) with a voxel size of 0.125 mm, a medium field of volume, and high resolution [field of view (FOV) 14 × 10 cm]. Parameters included a tube voltage of 85 kV, a tube current of 10 mA, and a scanning time of 10 seconds. The 3D images, constructed panoramic image, and 3D view of the skull were viewed with the SimplantOrtho®™ App. version 2.0 software (Materialise, Leuven, Belgium). Moreover, the 3D models of the dentition and tracings of the 3D cephalometric radiographs were generated by the same SimplantOrtho software with tracing methods of Steiner, Wits, and Tweed analysis (McNamara, 1984) . All segmentations and 2D and 3D tracings were performed by the same operator (AA).
The 40 patients were presented to the observers in random order. The conventional and CBCT sessions were completed and subsequently analysed by four experienced orthodontists. All orthodontists who participated in this study were dedicated to the treatment of impacted canines and had more than 5 years of clinical experience in all aspects of orthodontic treatment. All observers received instructions and a demonstration before the data acquisition of each viewing session so that a standardized evaluation could be maintained. The standardized protocol was explained to each observer, and each orthodontist was trained to use CBCT images for the different applications. They assessed the images independently in the same random order, with a minimum interval of 4 weeks between the two sessions to avoid eye fatigue and to minimize the possibility of subjective error. They were instructed to manipulate the constructed panoramic, 3D cephalometry, 3D models, and soft-tissue reconstructions with the viewing software according to their own preferences and were allowed to adjust the brightness and contrast settings with software enhancement tools. The orthodontists were permitted to adjust image display settings freely. They were also able to scroll through the CBCT slices according to their own preferences for the optimal display of the impacted canine (axial, coronal, and sagittal). The patients' gender and age were provided without name and identification. The observation time was unlimited. The evaluation process for the two sessions involved the use of a questionnaire with three different categories:
(A) Diagnostic evaluation 1. Skeletal relationship, either neutro, disto, or mesiorelation. 2. Angle classification of occlusion based on class I, class II, and class III molar relationships. 3. Canine crown position in relation to adjacent teeth, either palatal, buccal, or in the line of the arch. 4. Type of canine impaction, either vertical or horizontal. 5. Canine development was assigned to two categories based on root development: incomplete or complete. 6. Detection of abnormalities, such as dilacerations of the canine root, mesiodens, and supernumerary tooth/teeth.
7. Severity of root resorption. The examiners were asked to determine whether they could detect a resorption defect in the adjacent teeth. If resorption was diagnosed, the score of the severity of resorption was graded in one of the following categories based on the grading systems suggested by Ericson et al. (2002) : 1. no resorption, with intact root surfaces; 2. slight resorption, extending up to half of the dentin thickness to the pulp; 3. moderate resorption, midway to the pulp or more, with the pulp lining unbroken; and 4. severe resorption, with the pulp exposed. 8. Location of resorption, recorded to be in either the apical, middle, or cervical third. 9. Permanent maxillary canine situation, scored in one of three categories (easy, moderate, and difficult) according to the following: 1. 'Canine angulation to the midline', the angle formed by the long axis of the impacted canine and the midline of the maxilla (Supplementary Figure 1) . If the canine angle increased, difficulty increased. 2. 'Canine angulation to the occlusal plane', the angles formed by the long axis of the impacted canine and the occlusal plane. If the canine angle increased, the difficulty decreased (Supplementary Figure 1) . 3. The vertical location of the maxillary canine crown. If the canine was located more apically, the difficulty increased (Supplementary Figure 2) . 4. The canine overlap of the adjacent teeth (sector; Supplementary Figure 3) . If the canine was located more mesially, difficulty increased.
(B) Treatment planning
1. The skeletal treatment proposal method, with either dental compensation, orthopaedic growth modification, or orthognathic surgery. 2. Treatment methods that can be used either separately or in combination as follows: extraction of the primary canine, transpalatal arch, headgear, coffin spring appliance, extrusion removable appliance, expansion of the maxillary arch, and fixed appliance. 3. Extraction or non-extraction. In cases of extraction, the orthodontists were asked to identify which tooth/teeth will be extracted: extraction of the 2 lateral incisors, extraction of the 2 premolars, extraction of the 4 premolars, and extraction of the permanent canine. 4. Type of surgical exposure if needed, either the open-or closed-eruption technique.
(C) Orthodontists' opinions on treatment planning
After the diagnoses and treatment planning evaluations, the orthodontists were asked to express their opinions on the following variables:
1. whether the materials presented were sufficient to establish a treatment plan; 2. whether the radiographic images presented were sufficient to perform the correct diagnosis and treatment plan; 3. whether materials necessary for completion of the treatment plan were missing; 4. whether the confidence level in successful treatment planning and in performing complete treatment was satisfactory with the information provided, according to the following five-step confidence scale: very confident, confident, no opinion, doubtful/unsure, and very doubtful/unsure; 5. whether complications were expected during the treatment process; 6. which treatment duration in months was expected; 7. how to classify the difficulty of the treatment plan, categorized as either easy, moderate, or difficult.
Statistical methodology
Depending on the question, the analysis was performed with the patient or with the canine as the unit of analysis. Four repeated measures were present for the analyses on patient level (four orthodontists) and up to eight repeated measures for the analyses on canine level (four orthodontists, possible two canines). Every analysis that ignores the correlation between the scorings is likely to produce P-values that are too liberal. This holds for the P-values obtained with McNemar's tests (and their extension for more than two levels) and Wilcoxon signed-rank tests comparing conventional with CBCT in all cases. For more appropriate P-values to be obtained, statistical models were used to take the correlations into account when conventional and CBCT modalities were compared. Binary logistic regression models, multinomial regression models, and linear models were extended with random effects. However, due to the small number of independent units (40 participants) and the large number of repeated measures, these models yielded only approximate results. P-values were based on large sample properties that did not hold in this small sample. Further, in most situations, only simplified correlation structures could be used to model the correlation among the 4 repeated measures, between both canines and between both modalities. Therefore, to verify if the conclusion derived from the model on all data, we also used per observer McNemar's tests (and their extension for more than 2 levels) and Wilcoxon signedrank tests. P-values smaller than 0.05 were considered significant. All analyses were performed with SAS software, version 9.2 (SAS System for Windows© 2002, SAS Institute Inc.). SAS and all other SAS Institute Inc. product or service names are registered trademarks or trademarks of the SAS Institute Inc., Cary, North Carolina, USA.
Results
The distribution of impacted canines diagnosed in the 40 patients is given in Table 1. Table 2 shows the comparison of the diagnostic variables between conventional and CBCT records. Significant differences were found for the diagnosis of Angle classifications of occlusion, canine position, canine development, detection of abnormality, and vertical canine crown height. The root resorptions diagnosed in the lateral and central incisors as well as premolars are shown in Table 3 . Compared with conventional records, the presence, severity, and location of lateral incisor root resorption were detected significantly more frequently by CBCT (Table 3) . There was also a significant difference in the presence of central incisor root resorption between the two modalities (P = 0.02).
For treatment planning, there was a significant difference between the two modalities for direction of canine traction only in cases of surgical exposure (Table 4) . With respect to orthodontic opinions, the orthodontists considered the conventional records insufficient in 22.5 per cent of cases compared with 1.25 per cent with CBCT. The radiographic information was also insufficient with conventional records (63.1 per cent compared with 0.63 per cent). The need for extra diagnostic material was significantly higher with conventional records compared with CBCT. The orthodontists needed 3D visualization in 62.5 per cent of cases when using conventional records and needed dental casts in 1.88 per cent of cases evaluated by CBCT records (Table 5) . The orthodontists had a significantly (P < 0.0001) higher level of confidence when treatment planning was based on CBCT information compared with conventional information (in 96.3 per cent versus 61.9 per cent of the cases the orthodontists are confident using CBCT and conventional records, respectively). The classifications of treatment plan difficulty were significantly different between the two modalities. In 42.5 per cent of cases, the treatment plan was easy when based on 3D instead of conventional information (23.1 per cent; Table 5 ). Table 6 presents a summary of the obtained results, taking into account the correlation between or among the variables or performance of the analysis for each observer separately. The significant difference between conventional and CBCT was found only for the diagnosis of the canine position (more buccally with 3D, more palatally and line-ofarch with 2D). Moreover, there was no evidence of a difference in the treatment planning based on conventional versus 3D CBCT dataset. The confidence level of the orthodontists increased significantly when using 3D CBCT and no need for extra materials to perform correct diagnoses and treatment plans. 
Discussion
Treatment planning and decision-making are essentially influenced by radiographic and clinical diagnostic information. Orthodontists typically use different approaches in terms of treatment of impacted canines, and conventional diagnostic methods have served them well for many years. Traditional radiological examination of patients undergoing orthodontic treatment usually relies on a panoramic or lateral cephalometric radiograph that may be supplemented by intraoral periapical or occlusal radiographs if necessary. In this study, panoramic and lateral cephalometric radiographs were chosen to represent conventional 2D radiographs, because they are the most common modality used clinically for the diagnosis and treatment planning of patients undergoing orthodontic treatment. Panoramic radiographs, although they have diagnostic limitations, are used in the conventional approach for the evaluation of impacted canines. Conflict exists regarding the utility of panoramic radiographs for canine localization, based on magnification and canine angulation (Gavel and Dermaut, 1999; Katsnelson et al., 2010; Jung et al., 2012; An et al., 2013) . Criteria have been established that may help to localize impacted maxillary canines based on panoramic radiographs (Gavel and Dermaut, 1999; Jung et al., 2012) .
Periapical radiography or the parallax technique was not performed in this study because it has the same constraints as panoramic imaging for the detection of root resorption (Follin and Lindvall, 2005) . In addition, occlusal radiography was not used because the diagnostic ability of panoramic radiographs for canine localization, in combination with occlusal radiographs, showed no significant betweentechnique differences (Mason et al., 2001) . Therefore, 2D radiographs were usually supplemented by CBCT in our centre to provide maximum information, i.e. for the detection of root resorption. The position of impacted canines in the dental arch, canine development, possible overlap with the roots of adjacent incisors, the presence of root resorption and anomalies were recorded, because they have been discussed as having a an important role in the decision-making process for the treatment of impacted maxillary canines (Stivaros and Mandall, 2000; Stewart et al., 2001; Bjerklin and Ericson, 2006; Motamedi et al., 2009; Alqerban et al., 2009a) . In our study, significant differences were found for the diagnosis of canine position, canine development, detection of abnormality, vertical canine crown height, and diagnosed root resorption in the adjacent teeth, because the use of CBCT substantially increased the perceptibility of canine and root resorption with 3D views (Alqerban et al., 2009b; Haney et al., 2010; Botticelli et al., 2011) . When the correlation between or among the variables or performance of the analysis for each observer separately was taken into account, the canine position was the only significant difference between conventional and CBCT views. Although not being significant, the incidence of incisor root resorption was higher when CBCT was used compared with conventional records. No significant difference was found for extraction versus non-extraction decision between the two modalities. The decision to extract anterior teeth, including impacted canines, is rare because it affects the aesthetics of the patient's smile as well as his/her functional occlusion. However, extraction could be considered, rather than premolar extraction, in cases of dento-alveolar compensation if severe root resorption of the incisors exists and the prognosis of the tooth is poor. Canine extraction could be considered if the canine is located high in the palate or is horizontally impacted, or if ankylosis, transmigration, dilaceration, and/or resorption of the impacted canine is present.
Expected treatment duration did not differ significantly between the two modalities (30 months). However, it is difficult to predict treatment time, potential complications, and challenges in canine impaction cases. Numerous investigators have evaluated the length of orthodontic treatment time based on radiographic factors and treatment methods (Iramaneerat et al., 1998; Stewart et al., 2001; Zuccati et al., 2006; Fleming et al., 2009) . However, the position of impacted canines, linear measurements, and their angulations have been found by some authors to be invalid as indicators of successful outcome of interceptive orthodontic treatment, length of treatment, and periodontal status (Warford et al., 2003; Leonardi et al., 2004; Grande et al., 2006; Crescini et al., 2007) . The risk of failure to erupt and the extended treatment time in cases of impaction should also be taken into consideration in treatment planning (Stewart et al., 2001; Becker and Chaushu, 2003) . Therefore, predicting the treatment duration for impacted canines remains problematic (Fleming et al., 2009) .
In the present study, the medium FOV (14 × 10 cm) was chosen to include the region of interest covered by conventional 2D radiographs. A panoramic and lateral cephalogram was constructed from the CBCT scan. If the FOV of the CBCT is smaller, the extracted images will have less of the information needed for orthodontic diagnosis. Our concern was to compare the complete 3D set constructed from CBCT, not treated as supplemental radiographs. CBCT scan with a medium field of volume allows us for 3D reconstruction generated from the image volume for different orthodontic uses, including constructed panoramic, lateral, and virtual study models (Mah et al., 2010) . Several studies showed that traditional cephalometric tracing may be done via CBCT images, and the measurements from CBCT-synthesized cephalograms were similar to those from conventional cephalograms (Kumar et al., 2008) . However, the norms for 3D analysis are not available. In addition, the linear and angular measurements obtained from CBCT images have been found to be more accurate than those from conventional 2D radiographs, with high reproducibility for orthodontic applications (Lascala et al., 2004; Moreira et al., 2009) .
Orthodontic study models are an essential component of orthodontic records. The use of CBCT models is also advantageous in treatment planning for impacted canines by providing accurate localization and facilitating understanding of the anatomic relationships between the impacted tooth and the adjacent roots, such as the presence of abnormalities, dilacerations, root resorption of the adjacent incisors, and mesiodistal root angulation. 3D images allow clinicians to obtain the accurate knowledge necessary for optimal confidence in treatment planning. Furthermore, the accuracy and reliability of CBCT models has been found as the digital models obtained from plaster casts (Tarazona et al., 2013) . In the present study, a significant difference was 704 found for the diagnosis of angle classifications of occlusion, possibly because the observers had a high level of preference and agreement when using dental casts compared with the CBCT virtual study models. This prospective study examined the treatment planning for patients with impacted canines. The results showed that the skeletal treatment, treatment methods, choice of teeth for extraction, and planning of surgical intervention did not differ significantly between the two modalities. The classifications of treatment plan difficulty were significantly different when based on conventional information compared with 3D information. This could be because the orthodontists considered the conventional records and 2D radiographic information insufficient and needed additional diagnostic material. Moreover, the orthodontists had a significantly lower level of confidence when treatment planning was based on conventional information.
However, As Low As Reasonably Achievable (ALARA) principles and Sedentex CT guidelines state that CBCT examination should not be used indiscriminately and should be used in selected orthodontic cases only in which conventional radiography cannot supply sufficient diagnostic information (European Commission, 2012) . Therefore, radiation exposure should be minimized as much as possible and should be balanced with patient benefit and the diagnostic information needed. The potentially harmful effects of ionizing radiation should not be neglected and should be taken into account when x-rays are involved. The short-term effects resulting from low-level radiation are cumulative over time and include both deterministic and Table 6 Summary of comparisons showing the significant differences between the two modalities for each variable performed on the scores from all observers (Naive P-value), on correlations between the repeated measures of the same score on the same participant (Clustering P-value) , and number of observer-specific tests (on a total of 4) being significant (Sensitivity). Scores with evidence of a difference between conventional and 3D CBCT are indicated in bold. Clustering P-values were from models with a random patient effect, unless stated otherwise. n = P > 0.05; y = P < 0.05; -= not feasible. *patient as unit of analysis. **canine as unit of analysis.
705 stochastic effects. The deterministic effects cause death of cells from high doses that reach the threshold over short periods of time, such as radiation-induced oral mucositis. The stochastic effect causes irreversible damage to or mutation of cellular DNA, which increases the risk of cancer, depending on the radiation dose. Further, the long-term risk associated with diagnostic radiographic imaging is radiation-induced carcinogenesis (American Academy of Oral and Maxillofacial Radiology, 2013) . The cancer risk may increase for young patients, because most orthodontic patients are growing children, who are more sensitive to radiation. Moreover, a higher effective dose for children has been found related to CBCT, compared with panoramic and lateral cephalometry (Silva et al., 2008) . The effective radiation dose varies between studies and is strongly dependent on FOV, kV, mA and exposure time (Pauwels et al., 2012) . The radiation dose of a CBCT scan has been reported in the range of 87-206 mSv for a full craniofacial scan (Silva et al., 2008) or, for the large FOV, 68-368 mSv (Pauwels et al., 2012) and 50-1024 mSv, compared with that of a panoramic radiograph (14.2-24.3 mSv) and a lateral cephalogam (10.4 mSv; Roberts et al., 2009) . If orthodontists have the information necessary for treatment planning from 2D images, there is no need for further CBCT radiation. In addition, surgical treatment planning of impacted maxillary canines was found not to be significantly different between those based on panoramic or CBCT images (Alqerban et al., 2013) . In our study, the only significant difference was in the direction of canine traction in cases of surgical exposure. Thus, using CBCT in surgical cases to plan the direction of traction can be avoided. If the canine is surgically exposed, one can usually see the direction in which the orthodontist can move the impacted canine to the normal position. However, CBCT has been recommended for use in impacted canine cases if 2D radiographs cannot provide sufficient diagnostic information. Orthodontic patients for whom CBCT data were already acquired must not be subjected to further radiation exposure by acquisition of traditional panoramic images and lateral cephalograms. Additional conventional panoramic images and cephalograms are unnecessary, and additional x-ray exposure of the patient should be avoided. Moreover, clinicians' acceptance of and confidence in the use of 2D or 3D images should always be justified, rather than simply accepting high radiation doses or multiple images to increase confidence. Therefore, a balance should be achieved between radiation dose and patient benefit, as well as diagnostic information.
This study does not reflect the reality or present the actual and routine orthodontic records for treatment planning. Thus, the routine use of CBCT for all patients requiring orthodontic treatment is not recommended by this study. The new methods of 3D application, which are either under development or under investigation, may bridge the gap of transition from conventional to 3D CBCT images. The potential replacement of conventional records by low-dose 3D CBCT is a useful step forward to navigate to 3D applications. However, further study would be useful to identify, based on clinical and radiographic factors, whether CBCT radiographs are justified for specific patients. Meanwhile, CBCT developers are now focusing on producing low-dose CBCT, with doses at lower level than panoramic radiography, as such that the whole justification process will have to be revisited. Conversely, the characteristics of old-and new-generation 2D radiographs influence the radiation dose. New-generation panoramic and cephalometric equipment provides very low-dose radiation. A reduction in the radiation dose is usually desirable, resulting in the use of a fluorescent intensifying screen or film combinations and machine technology.
Conclusion
The treatment planning was not found different when using conventional and CBCT sets. Yet, CBCT allows clinicians to obtain 3D images with visualization of craniofacial structures and significantly increases the orthodontists' confidence level, with more information on canine localization and detection of possible root resorption on adjacent incisors.
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